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THE EFFECT OF CONTINUOUS WEATHERING ON LIGHT METAL ALLOYS
USED IN AIRCRAFT

By WinrArp MurcrRLER

SUMMARY

An investigation of the corrosion of light metal alloys
used in aircraft was begun af the National Bureau of
Standards in 1925 and has for ifs purpose the study of the
causes of corrosion in aluminum-rich and magnesium-
rich alloys together with the development of methods for
e prevention.

The results, obfained in an exfensive series of laboratory
and weather-exposure tests, reveal the relative durability
of & number of commercially available materials and the
extent to which the application of various surface coatings
of oxide alone and with paint coatings afforded additional
protection. The paper may be considered as a supplement
to N. A. C. A. Report No. 490.

INTRODUCTION

The results of earlier laboratory corrosion and
weather-exposure tests, which yielded information of
considerable value, have previously been published
(references 1 to 9). The present report is, in effect, &
résumé of the most important features and findings from
additional weather-exposure and laboratory tests,
started in 1932 and covering & period of 5 years, in
which more than 7,000 specimens of aluminum and
magnesium alloys were tested.

In the previously published papers, emphasis weas
placed primarily upon the causes and elimination of
deterioration by embrittlement of high-strength alumi-
num alloys of the so-called “duralumin” type. It was
learned that, although the seriously objectionable
intererystalline type of corrosion could be eliminated
by correct procedures in heat treatment, the copper-
containing duralumin alloys were more prone to attack
than lower-strength alloys in which this constituent
was absent. It was learned further that duralumin
could be adequately protected against severe saline
conditions when covered with outer layers of aluminum
of high purity and thaet certain combinations of surface
oxidation treatments and pigmented varnishes afforded
the next best degree of protection.

In line with these findings, manufacturers developed
noncopper-containing alloys of higher strengths than

were previously available. The more important of
these alloys were included in the present investigation
for the purpose of securing comparative data. Also,
emphasis was placed upon a rather systematic study of
the most promising methods of surface treatment as a
means of protecting duralumin-type alloys from cor-
rosion. The entire program embraced in the present
series of tests had for its objectives the sccumulation
of data regarding the relative corrosion resistance of
commercially available aluminum and magnesium
alloys uncoated and coated with different protective
surfaces.

The author acknowledges his great indebtedness to
H. O. Willier, who assisted in examining and testing all
the samples. He also thanks H. C. Dudley, who
assisted in their preparation and heat treatment. The
cooperation furnished by the sponsors, the National
Advisory Committee for Aeronautics, the Army Air
Corps, and the Bureau of Aeronautics, Navy Depart-
ment, as well as by officials and inspectors at the Naval
Air Station, Hampton Roads, Va., and the Fleet Air
Base, Coco Solo, C. Z., is also appreciated.

WEATHERING OF ALUMINUM ALLOYS
EXPERIMENTAL PROCEDURE

All the aluminum alloys consisted of 0.064 inch (14
gage) sheet of which by far the greater number were in
the form of 9- by ¥-inch strips. These strips were ma-
chined, after corrosion, into standard A. S. T. M. tensile
bars with ¥-inch reduced section (fig. 1a). Some sam-
ples were initially exposed in the form of tensile bars of
the dimensions given in figure 1b. All spot-welded and
riveted assemblies had a width of 1 inch and an over-all

length of 9 inches, of which 1¥% inches represented the

faying surfaces. All machining operations prior to
exposure were done by the cooperating manufacturers,
and all after exposure at the National Buresu of
Standards.

All specimens, before corrosion tests and prior to the
application of protective coatings, were cleaned free
from grease by washing twice with clean benzol and
once with aleohol. Specimens having identical chemi-
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cal compositions and/or surface treatments were desig-
nated as “gets.”” Fach set usually consisted of 52
specimens that were distributed thus: 6 tested for
initial tensile properties; 10 kept in sealed containers
(dry atmosphere); 10 each exposed to the weather at
Washington, D. C., at Hampton Roads, Va., and at
Coco Solo, C. Z.; and 6 exposed to laboratory salt-spray
test. In those instances where a set consisted of both
strips and tensile bars, the number of specimens at each
locality was, of course, doubled.

The racks for the weather-exposure tests were in-

stalled at the same three locations used in the previous

series (reference 9), namely:
(1) National Bureau of Standards, Washington,
D. C., représentative of a temperate inland atmosphere,
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FIGURE 1.—Dimensions of 0.064-inch thick aluminut-alloy materlals used in the
weathering tests. (a), tensile bar; (b), strip sample; (o), spot-welded or riveted

panel. The welds and rivet heads were approximately ¥ inch in diameter; the
rivet shanks were 16 inch In diameter.

free from industrial contamination and from marine
conditions.

(2) Naval Air Station, Hampton Roads, Va., repre-
sentative of temperate seacoast conditions, with
occasional contact with salt water (fig. 2).

(8) Fleet Air Base, Coco Selo, C. Z., representative
of tropical seacoast conditions (fig. 2).

In the preceding series of tests, the racks at Coco
Solo were so situated as to assure frequent contact of
the specimens with spray from the Caribbean Sea.
In the present series they were located approximately
15 feet back from the shore line, and thus received spray
much less frequently. This change resulted in making
corrosive conditions at Coco Solo less severe.than at
I-Iainpton Roads, the reverse of which was true in the
previous investigation. -

Withdrawals of samples at all three weather-exposure
gites, and from the sealed containers, were made after
periods of 12, 24, 36, and 48 months. Other with-
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drawals were made as follows: At Washington, Coco
Solo, and from the sealed containers after 18, 30, and
60 months; at Hampton Roads and Coco Solo after
3 months; and at Coco Solo after 42 months. A few
racks still remain at Washington and Hampton Roads,
and it is planned to remove these after more prolonged
periods, probably 10 or more years. Withdrawals of
samples from the laboratory salt-spray tests were
governed by the susceptibility to corrosion of the
various sets, the better ones being left for longer periods,
the intervals being as follows: 4, %, 1,2, 4, 6, 8, 9, 12,
and 18 months. The salt-spray tests were conducted
in an apparatus conforming strictly to Navy Depart-
ment Specifications (references 10 and 11). A 20-per-
cent solution of chemically pure sodium chloride was
atomized to serve as the corroding medium and the
temperature of the chamber was maintained at 95° F.
+2° T

The progress of corrosion on all the samples was
followed in three ways:

(1) By direct visual examination, supplemented by
macrophotographs at netural size of both sides of each
specimen.

(2) By a comparison of the tensile properties of the
corroded bars, with those of uncorroded bars, which
served as an indirect measure of corrosion. Elongation
values were measured over a 2-inch gage length.

(3) By direct measurement of the depth and the
area of corroded portions. Two random cross sections,
each having an area of 0.5 by 0.064 inch, were photo-
graphed in their entirety at 50 magnification, thus
yielding a permanent record of the micrographic fea-
tures of the corrosive attack. The photomicrographs
were made by a rapid method, developed at the Na-
tional Bureau of Standards, on photostat paper nega-
tives (reference 12).

UNCOATED MATERIALS COMMERCIALLY AVAILABLE

The chemical compositions of these materials, which
were exposed in the condition “as received” from their
manufacturers, are given in table I. Alloys 25SW,
51SW, and 51ST were exposed only in strip form and
represented materials from the same lots as were used
in the previous series of exposure tests. All of the
remaining materials were exposed both as strips and
as tensile bars

It will be seen from the table that the alloys fall
neaturally into two groups: (1) those in which copper is
present as an alloying constituent, and (2) those in
which it is absent. The alloys of the first group are
commonly considered as being of the duralumin type.
Alloy 17S is considered representative and nominally
contains 4 percent of copper, 0.5 magnesium, and 0.5
manganese, with minor quantities of silicon and iron.
Alloy 248 differs only in having an additional 1 percent
of magnesium, while the Aeral alloy contains 2 percent
of cadmium. In alloy 25S the magnesium is omitted,
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while in Nieralumin most of the copper is replaced by
heavy metal substitutes, supposedly less conducive
to intercrystalline attack, such as nickel, chromium,
tungsten, and molybdenum. The sluminum-coated
(Alclad) material might be regarded as duralumin
with & protective metallic coating but, for practical

contain, respectively, 1.25, 3.5, and 6 percent of mag-
nesium. In the second group are: alloys 4S8, with
1 percent of magnesium and 1.25 maganese; 518, with
0.6 magnesium and 1 silicon; and Inalium, with 0.8
magnesium and 2 cadmium.

The Aeral and Inalium materials were prepared by

=

FIGURE 2.—Views of the weather-exposure racks and specimens situated at the two marine Iocations.

purposes, it is considered as a distinct commerecial
product.

The copper-free alloys may be further subdivided
into (1) the essentially binary alloys of aluminum and
magnesium, and (2) the essentially ternary alloys of
aluminum, magnesium, and a third element. In the
first group are X528, XB52S, and 56S which nominally

the Société des Brevets Berthelemy de Montby of
Paris, France. These alloys apparently offer difficul-
ties in fabrication because the surface finishes were
much rougher than usual and approximately 5 percent
of the individual strips and tensile bars contained inter-
nal cracks and flaws. The Nicralumin samples were
furnished by the Nicralumin Co. and the remaining
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alloys were supplied by the Aluminum Co. of America.
All materials were representative of commercial prod-
ucts prepared in accordance with the manufacturer’s
recommended procedure.

The average tensile properties of the materials are
given in table IT where also appear the ultimate tensile
strength, elongation, and maximum depth of penetra-
tion of corrosive attack after 5 years’ exposure at
Washington and Coco Solo, 4 years at Hampton Roads,
and the maximum period in the salt-spray test. For
purposes of convenience in comparison, the data are
repeated in table ITI, expressed in terms of percentage
loss from the initial properties.

These data indicate that the binary aluminum-inag-
nesium alloys (X52S8-¥H and XB52S) proved excep-
tionally corrosion resistant. . No loss in tensile proper-
ties occurred and the maximum depth of penetration
of attack was approximately 0.002 inch. The higher
strength Alclad materials were likewise very resistant.
Losses in tensile properties were small and the attack
did pot penetrate beyond the protective aluminum
layers. : _

Somewhat less corrogion resistant, but definitely
superior to the remaining materials, were the copper-
free alloys (4S-¥H, 565-%H, and Inalium). As pre-
viously pointed out, however, the Inalium material
was inferior from considerations of original surface
finish. The 6 percent magnesium alloy (565-%H) was
peculiar in that it exhibited no pronounced corrosion
or loss in tensile properties until after the third year at
Hampton Roads and at Cocu Solo, and after the ninth
month in the salt spray. Then intercrystalline attack
developed and the tensile properties dropped rapidly.

Increasingly inferior, in the order named, were the
magnesium-silicon alloys (51SW, XA51ST, 51ST),
and the complex “heavy-metal” alloy Nieralumin, on
which marked loss in tensile properties occurred and
corrosive attack penetrated approximately 0.01 inch
at the severe localities. Except on the Nicralumin
material, the attack tended to be intererystalline in
nature.

Under severe conditions of exposure, as exemplified
in the salt spray, the copper-containing materials.
(17ST, 17SRT, 24SRT, and Aeral) proved much more
susceptible to attack, which was confined to the pitting
type. For all practicsl purposes, little difference was
to be noted in their behavior when compared with each
other.

‘Worst from considerations of corrosiou resistance was
the copper-aluminum alloy, 25SW, in which a very
pronounced loss in tensile properties occurred, and in
which a severe intercrystalline attack took place.

The changes in surface appearance of representative
materials are shown in figure 3, where it may be seen
that the amount of corrosion products was much greater
on the more susceptible alloys and that they tended to
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accumulate more on the earthward surfaces of the
weather-exposure samples than on the skyward.

The character of the attack on the various alloys,
when viewed at 50 diameters, is shown in figures 4 and
5. Differences in the area and the depth of attack
between the different alloys are plainly shown, as well
as differences dependent upon the severity of the
locality. : :

Thus far, attention has been confined to the appear-
ances and properties of the alloys atthe expiration of
the maxinum periods of exposure. Marked differences
in the rates of attack were, of course, found also in the
earlier stages of the tests. The more important of
these are illustrated in figure 6, where the relation is
shown between time of exposure and percentage loss
in elongation and maximum depth of attack.

Effect of corrosion on the cut edges.—Specimens of
all the more corrosion-resistant alloys, exposed as
tensile bars and those from which such bars were cut
after. exposure, possessed practically identical tensile
properties. The properties of some of the copper-
containing alloys, such as 17ST, 17SRT, and 24SRT,
when exposed as tensile bars, were appreciably lower,
especially in the laboratory salt-spray tests. Table IV
illustrates the magnitude of the differences. The
microscopic examinations disclosed & pronounced tend-
ency for the attack fo penefrate very much more
rapidly from the cut edges than from the sides of the
sheet, The attack frequently presented a character-
istically elopgated course suggesting that relatively
thin layers were much more prone to attack than ad-
jacent metal. This suggestion is confirmed by the
appearance of corroded.areas, other than those orig-
inating on the cut edges, indicated by the arrow in
figure 7. The typical elongated shape of the areas
indicates strongly that fabrication processes play an
important part in originating the “layers’” susceptible
to attack.

Corrosion of spot-welded and riveted joints,—The
chemical compositions of the alloys used for the spot-
welded and riveted panels are given in table I, and the
breaking loads before and after corrosion for the maxi-
mum periods are given in table V. The locations of
the rivets and welds and the dimensions of the ox-
posure panels are shown in figure lc. Owing to the
rather wide range of the breaking loads on uncorroded
samples, 30 of these panels were exposed at each
locality instead of 10, and 3 were removed at each test
period.

It is evident from table V that the strength of the
spot-welded joints was considerably higher than that
of the riveted joints but that the former varied over a
much wider range. Marked loss in breaking load oc-
curred only on the Alclad 17ST sheets joined by rivets
of the alloy containing magnesium (X56S-1/4H).
These specimens developed severe intercrystalline at-
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tack (fig. 8). In general, less corrosion was present
at the faying surfaces of the spot-welded specimens
than of the riveted ones. This result may be attrib-
uted, in part, to the fact that it was impossible to
remove all the oil from the faying surfaces of the spot-
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Effect of heat treatment on the corrosion of duraslu-
min.—The corrosion of the duralumin-type alloy (178
as influenced by various heat treatments has already
been reported in considerable detail (reference 9).
A relatively few additional treatments were included

- . ) L

FIGURE 7.—Representative cross sections from specimens exposed 6 montbs to the laboratory sali-spray test, showing much greater penetration
of attack from the cut edges, along “susceptible Jayers,” than from the side surfaces. The cut edges are those at the top of the four upper
specimens. The bottom specimen showsa sidesurfacs apon which the base of the corrosive attack spread laterally elong s susceptible layer. X 50.

welded panels prior to exposure. There was a definite
tendency for localization of attack on the spot welds
of all four materials, the attack being least on the
copper-free alloys (X528-1/2H and 48-1/2H). In no
instance, as far as could be determined, was the pene-
tration sufficient to influence greatly the breaking load.

in the investigation, in which “as received” 178-H
material (table I) was treated as follows: ”
(1) “Solution heat-treated” at 505° C., removed
from the furnace and held in air for 5 seconds before
quenching in ice water. Measurements indicated tha
the temperature of the samples was approximately
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470° C. on entering the quenchant.

(2) Same as (1), but held 30 seconds in air, at the end
of which the temperature of the samples was approxi-
mately 375° C. .

(3) Solution heat-treated at 475° C. (“underheated’)
and quenched in ice water.

(4) Solution heat-treated at 550°
and quenched in ice water.

(5) Solution heat-treated at 505° C. and quenched
in ice water.

(6) Solution heat-treated at 505° C. and quenched
in boiling water.

(7) Solution heat-treated at 505° C., quenched in

C. (overheated')
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corrosion (reference 9) and were the most susceptible
to attack of all the materials tested. Reference to
table III will show that samples heat-treated by the
other methods closely resembled the 17ST and related
elloys in their corrosion behavior.

PROTECTIVE COATINGS APPLIED TO DURALUMIN

Oxide surface coatings.—A brief description will be
given of the methods of application of the various oxide
surface treatments used in the present investigation.
The treatments were made at the National Bureau of
Standards on a duralumin slloy (17S8) quenched in
boiling water after solution heat treatment at 505° C.

FIouRR 8.—Severe Intererystalline corrosive attack on X588-1{H rivel heads expesed 2)4 years at Coco Solo. X 50.

ice water, and ‘“‘baked” 3 hours, some at (a) 100° F.
(38° C.), some at (b) 200° F. (93° C.), and others at
(c) 300° F. (149° C.).

A 30-minute solution heat-treatment was employed
throughout, and all samples were allowed to age-
harden for 3 months at room temperature prior to
exposure. The treatments listed as (5) and (6) were
the ones used on 17S samples subsequently given
protective surface coatings, most of which were heat-
treated at the National Bureau of Standards.

The properties of the uncorroded specimens and those
exposed for the maximum periods are given in table VI.
Those quenched in boiling water or baked at 300° F.
were very susceptible to intercrystalline attack and
exhibited great loss in tensile properties. Specimens
baked at 300° F. were characterized by ‘‘pock-form”

Since. underlying metal was thus purposely rendered
susceptible to corrosion, failure of the coatings to afford
protection was immediately reflected in o loss of tensile
properties and the presence of intercrystalline attack.
A number of the treatments, however, were also applied
to cold-water-quenched 17S material, so as to obtain
a more reliable criterion of their probable behavior in
servica. The coatings designated as Alcoa were applied
solely to cold-water-quenched 17S material and to
commercially heat-treated Alelad 17ST material. These
treatments were applied at the Aluminum Co. of
America Research Laboratories.

The objectives were (1) to determine the relative
efficiencies of the various surface treatments as ovi-
denced. by the time required for their failure, and (2) to
determine their behavior when painted with three coats
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of a “standard” aluminum-pigmented spar varnish.
The varnish selected for the latter purpose was one of
the “long-oil” type which conformed to Federal Speci-
fication TTVS81. (See table IX, schedule 11.)

The surface oxide coatings applied may be grouped
into three categories, narmely, those in which the pro-
tective film was formed by (1) simple immersion meth-
ods such as the Deoxidine, Jirotka, MeCulloch, and
Alcoa Dip processes; (2) anodic treatments in chromic
or sulphuric acid electrolytes such as the Bengough,
10-percent chromic acid, chromic acid-dichromate, and
Alcoa Electrolytic processes, and (3) impregnating
anodically treated samples with inhibitive chromates,
or ‘‘sealing.” :

(1) Peoaidine process.—Samples were immersed for
15 minutes in & 15-percent aqueous soluticn of phos-
phoric acid maintained at 55° C.

(2) Jirotka “American’ process.—Specimens were im-
mersed 1 hour at 96° C. in e bath consisting of 3% liters
of water, 4 grams of chromium sulphate, 50 grams of
anhydrous sodium carbonate, and 12 grams of potas-
sium dichromate.

(3) MecCulloch process.—Samples were immersed 1
hour at 96° C. in a bath containing 10 grams of anhy-
drous calcium sulphate and 10 grams of calcivum oxide
per liter of water.

(4) Aleoa Dip process (sealed).—Specimens were im-
mersed 15 minutes at 98° C. in a solution containing 20
grams of sodium carbonate and 5 grams of potassium
dichromate per liter of water. Samples were sealed by
impregnation with lead chromate formed by successive
immersions in solutions of potassium dichromate and
lead acetate.

(5} Bengough process.—Samples were given an anodic
treatment in an electrolyte of 3 percent chromium tri-
oxide at 40° C. The voltage across the bath was raised
graduelly from zero to 40 volts in 15 minutes, main-
tained at 40 volts for 35 minutes, raised to 50 volts in
5 minutes, and maintained at 50 volts for 5 minutes.
The electrolyte was changed frequently to preclude loss
in its efficiency. Current densities were maintained
between 3.8 and 4.8 amperes per square foot. The
treatment was applied to 17S and Alelad 17S materials
quenched (1} in ice water and (2) in boiling water.

(6) Bengough process (*‘spent’” bath).—The procedure
used was the same as in (5) except that the bath had
been used until its efficiency was very definitely im-
paired. The current density weas approximately 1
ampere per square foot.

(7) Ten-percent Chromic-Acid process—The speci-
mens were anodically treated in accordance with Navy
Department Specifications (reference 13). The electro-
lyte was a 10-percent solution of chromium trioxide
maintained at 35° C. The voltage was raised as rapidly
as possible to 30 volts and maintained there 1 hour.
The average current density was approximately 5
amperes per square foot.

200142—40—27
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(8) Chromic Acid-Dichromate Process.—Samples were .

given an anodic treatment in a bath at 40° C. containing
4.6 percent by weight each of chromium trioxide and
potassium dichromate. Anodization was effected by
raising the voltage as rapidly as possible to 40 volts
and maintaining it for 1 hour.

(9) Alcoa Electrolytic No. I Process (sealed).—Speci-
mens were anodically oxidized in 15-percent sulphurie
acid electrolyte at 25° C., with a current density of
12 amperes per square foot for 30 minutes, and sealed
in boiling water for 30 minutes.

(20) Aleca Electrolytic No. 2 oprocess (sealed).—
Specimens were anodized as in (9}, but were sealed by
impregnation with lead chromate formed by immersion
in lead acetate solution, washing, and immersing in
potassium dichromate solution.

(11) Bengough process (gealed).—Samples were
treated as in (5) but the electrolyte was permitted to
impregnate the oxide film and dry thereon.

(12) Ten-percent Chromic-Acid process (sealed).—
Samples were treated as in (7) but the electrolyte was
permitted to impregnate the oxide film and dry thereon.

The unpainted specimens receiving the oxide treat-
ments designated as MecCulloch, Deoxdine, Jirotka
American, Alecoa Dip, Bengough (“spent” bath), and
Chromic Acid-Dichromate all, on visual examination,
exhibited more or less advanced stages of failure after
an exposure of 8 months at Washington, 3 months at
Coco Solo and Hampton Roads, and 1 month in the
laboratory salt-spray tests. These oxide treatments
were definitely inferior to the others tested and, for all
practical purposes, may be considered as similar to each
other in their failure to protect against corrosion.
Their failure to afford protection was reflected in loss
of tensile properties (table VII). The cold-water-
quenched msterial coated by the Alcoa Dip process
exhibited no loss in tensile properties after 5 years’
exposure at Washington. This result, however, is
to be attributed to the inherent corrosion resistance
resulting from the heat treatment. Small, localized
areas of corrosion product wers visible on the samples
after 6 months at Washington, which indicated that
the coating had failed to protect completely.

The costings produced by anodic treatment (10-
percent Chromic Aecid, Bengough, and Alcoa) wers
definitely much superior and retarded corrosive attack
on the hot-water-quenched 17S material for an appreci-
able period. The first two were especially effective, on
cold-water-quenched samples, at all the weather-
exposure locations.

By far the best protection was afforded, however, by
the oxide films sealed with an inhibitive chromate..
Sheets anodized in chromic acid, and from which the
electrolyte has not been thoroughly removed, present
a somewhat undesirable mottled appearance. Since
such sheets are ordinarily painted, this feature becomes
relatively unimportant.
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An excellent idea of the relative efficiencies of the
various oxide coatings may be gleaned from figure 9,
which shows their surface appearance at various stages
of the laboratory salt-spray tests. '

Painted with a standard aluminum-pigmented spar
varnish.—Past experiments and experience have proved

McCULLOCH
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Specimens initially treated by the McCulloch,
Deoxidine, Jirotka, and Alcoa Dip processes and thcn
painted, showed no loss in tensile properties after 5
vears’ exposure at Washington. Small localized areas,
indicative of the commencement of paint failure, began
to appear on the edges of the specimens during the fifth

ALCOA
ELEC.No.[©
__SCALED -

B.E-.._

j _ALCOA DIF% _
SPENT

-~ - SEALED

FIGURE §.—Surface appearance, showing relative efficlencles of various surface oxide coatings applied to 178 specimens that were exposed to the laboratory salt-spray

that, under severe corrosive cond1t1ons, the greatest
value of the oxide coatings lies in their ablhty to im-

prove the adherence of additional protective coatmgs"

of the organic types. This fact was confirmed in the
present investigation when a good grade of aluminum-
pigmented spar varnish was applied in conjunction with
the oxide surface treatment.

applied anodically and subsequently

year. In theabsence of saline conditions, however, these
combination coatings afforded practically complete pro-
tection over this period despite the fact that the metal
had purposely been made susceptible to intercrystal-
line attack. At Coco Solo and Hampton Roads, paint
failures became more or less complete during the
second year and, in the salt~spray tests, in 2 months.
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Evidences of the beginning of paint failure on
the improperly heat-treated, anodically treated dur-
elumin made their appearance during the third year
at Hampton Roads and Coco Solo, but failure was
still in the initial stage at the conclusion of the

.BENGOUGH

407

appearance at the end of the 1%-yeer test period.

Paint and varnish coatings.—The vehicles used were
all marine spar varnishes designed primerily to with-
stand exposures to saline conditions. Details relative
to the nature of the vehicles, the trade names, and the

_SPRAY

I .

 MONTHS IN ;20 _PERCENT SALT

i
(@)

test for the perfods Indfcated. Coatings were applled to hat-water-quenched and cold-water-quenched (c) specimens. Note the merked superfority of the coatings

given seallng treatments. X L

tests. Loss in tensile properties (table VIII) was not
appreciable. No loss occurred on the correctly heat-
treated material or on the sluminum-coated (Alclad)
specimens similarly protected, but traces of failure
occurred during the fourth year and were confined
usually to the edges of the samples. In the laboratory
salt-spray tests the specimens presented & comparable

specifications to which the varnishes conformed are
listed in table IX. All the varnishes were applied by
spraying. Schedules 2, 8, and 10 were applied at
Hampton Roads Naval Air Station. Schedule 5 was
applied by Stoner-Mudge, Inc., of Pittsburgh, Pa.,
and the remaining specimens were painted at the
National Bureau of Standards.
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FIGURE 10.—3urface appearance of paint coatings applied te anodically treated 173 materinl and exposed for the maximum period at each lvcality. The superiority of the aluminum-pigmented varpishes is quite svident. The coatings
wers (1} clear Dulux, (3} Aluminum foil over Thresher varnish, (1)) Navy gray on red oxide primer, (9) zine-plgmented Bakellte Marive Spar varnish, (8) zine chromate-zine oxide piymenteqd Bakelite Marine 3par varnish,
(4) aluolpom-pigmented Duliux, (5) alnminum-pigmented Vinylite, (8) aluminum-plgmonted Thresher varnish, (1)) aluminum-pigmanted long-oll varnish, (7) aluminum-pigroented long-oil varnish on zlne chromate-zine oxide pig-

mented primer. X 1.
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The tensile properties of the painted specimens at
the conclusion of the exposure periods are given in
table X, and the approximate times at which paint
failure was noted are shown in table XI. The surface
appearance of specimens after weather exposure for
prolonged periods at each location is shown in figure 10.

The marked improvement of the durability of paints
applied to an anodically treated surface makes it
strongly advisable to use such a treatment if optimum
service is to be attained under severe weathering con-
ditions. The data show that the aluminum-pigmented
varnishes on anodized panels all afforded relatively
excellent protection irrespective of whether the vehicle
was of the long oil, glyceryl phthalate, vinyl resin, or
phenol formaldehyde varieties. Failure was confined
almost entirely to smell areas on the edges of the
samples and commenced during the third year, although
faint yellow discolorations were present during the
first year. At the end of the tests all the aluminum-
pigmented coatings on anodically treated surfaces were
in relatively good condition. Even when this paint
was applied to unanodized specimens the protection was
greater than that obtained on the unpainted anodically
treated specimens.

The zinc chromate-zinc oxide primer (coating 8)
exhibited very poor adherence qualities on the unano-
dized samples but afforded good protection on the
anodized samples, especially when finish coats of
aluminum-pigmented varnish were employed. Owing
to the lower flexibility of varnishes thus pigmented,
it is to be questioned whether they would prove
as satisfactory as aluminum-pigmented primers on
aircraft parts subjected to vibratory or flexural
stresses.

The tests with zinc dust-zine oxide pigment indicated
that it was not protective to the vehicle, as was the
case with aluminum, and under marine condifions the
zinc pigment was attacked more or less rapidly, giving
rise to a uniform whitish-gray discoloration. The Navy
gray enamel pigment also proved inferior in the ex-
posure tests, as chalking, cracking, and alligatoring
occurred within 6 months at all the outdoor locations.
On the unanodized specimens failure was complete
within & year and large aress of metal were visible.
On the anodized samples, the red oxide primer became
visible but it adhered well to the end of the tests. The
unpigmented varnishes likewise proved unsatisfactory,
as practically complete failure occurred during the
first year on unanodized material and from the second
to the fourth year on anodized samples. Although no
loss in tensile properties appeared on anodized samples
upon which aluminum foil had been applied over a
tacky varnish, the use of this coating under saline
conditions does not eppear promising for the reason
that the foil was attacked when subjected to salt-
water conditions.

WEATHERING OF MAGNESIUM ALLOYS

The weathering tests on the magnesium-alloy panels
furnished by the American Magnesium Corporation
were conducted only at Washington and Coco Solo.
The purpose of the tests was threefold: (1) to obtain
information relative to the probable behavior in service
of alloys exposed after surface treatment and painting;
(2) to determine which of two surface treatments
yielded better adherence of paint; and (3) to determine
the relative inherent corrosion resistance of the various
alloys as manifested by the rapidity of their attack
when the coatings failed to protect them completely.

The eight alloys tested are listed in table XII. The
exposure panels were approximately 9 by 6 by ¥ inches
and, after surface treatment, all were protected with 4
coats of paint applied at the manufacturer’s research
laboratories. The paint consisted of Bakelite XV952
Aluminum Vebhicle containing 2 pounds per gallon of
Albron Standard Varnish Powder. The first coat was
brushed on, and the rest were sprayed. Two surface
treatments were used:

(1) Chrome-pickle treatment—The panels were im-
mersed for approximately 2 minutes at room tempera-
ture in a bath containing 1.5 pounds of sedium dichro-
mate and 1.8 pints of concentrated nitric acid (specific
gravity 1.42) per gallon of water. This treatment has
been used commercially to & considerable extent.

(2) Phosphoric-acid treatment—The panels were im-
mersed for approximately 30 minutes at 125° F. in &
solution consisting of 1 pound of 85-percent phesphoric
acid and 3 ounces of magnesium oxide per gallon of
water.

A single panel representative of each treatment and
material was exposed for 5 years at each location. The
progress of attack was followed closely by means of
monthly inspections. At the end of the exposure
tests the panels were photographed, the number of
corroded spots or blisters was counted, and their areas
were determined. The paint coatings were stripped
off to determine to what extent corrosion appeared
underneath.

Representative sections from the panels, showing the

'worst areas of attack, appear in figure 11; figure 12

illustrates that corrosion beneath the paint coating was
quite superficial. Data on the number and area of
blisters and corroded portions are given in table XIIL.
The superiority of the phosphoric-acid surface treat-
ment as a basis for paints is apparent from the table
but, from practical considerations, there appears to be
little evidence to support a choice of either of the meth-
ods investigated. Under mild exposure conditions, as
at Washington, the paint coatings, although somewhat
discolored, remained intact for 5 years. No appreciable
corrosion of the panels took place but small blisters were
fairly numerous on the paints applied to two of the
chrome-pickled alloys (AM240 and AZM).
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Fraurx 11.—8urfsce appearance of magnesium alloy panels given the surface treatments In ifeated, painted with aluminum-pigmenied spar varnish, and exposed 5 years at sach Toeality.
Note the auperiority of she phoaphoric-acld surface treatment in improving paint adherenoe, and tha exoellence of tha A M35, XAMOAS, and AMGIS panels,
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FIGURE 12.—Surface appearance of chrome-pickle treated magnesium alloys, exposed 5 years at Washington (left eolumn) and Ooco Solo, from which

the protective palnt was removed after exposure. The small amoant of corrosfon prodnet Indicates the comparative absence of attack on all except
the AZM panel at Coco Bolo. X 1.
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At Coco Solo, corrosion of serious proportions oc-
curred on only one of the alloys (AM240), upon which
approximately 35 percent of the total surface area was
affected. On none of the others was more than 3

REPORT NO. 663—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

num (AM7.4 and AM240) were comparatively suscep-
tible to attack, the more so with the higher aluminum
contents. Much more resistant to attack were tho
tin-coritaining alloys (AM764, AMG61S, and XAMG5S),

SKYWARD
SURFACES

EARTHWARD
SURFACES

SKYWARD
SURFACES

EARTHWARD
SURFACES

J ALLOY _
EXTRUDED

.o A

F1aURE 18,—Typleal surface appearance of chrome-pickle treated Dowmetal materials after 1 year's exposure at Washington and Hampton
Roads. Note the uniformly heavy deposition of corrosion products on 8 and the ebsence of the same on alloys Hand J. X L

percent of the surface affected. The severity of the
attack was approximately as follows: Alloys AM7.4 and
AZM, 3 percent; alloys AM764 and AM61S, less than
2 percent; and alloys XAM65S and AM3S, about 0.2
percent. It is apparent from the data that alloys of
magnesium containing between 6 and 10 percent alumi-

while the aluminum-manganese alloy AM3S was tho
most resistant.

Another series of exposure tests was begun on a group
of selected Dowmetal materials at both Washington
and Hampton Roads. At Washington one rack,
containing three specimens of each material, remains
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to be removed, pending the completion of a 5-year
exposure period. At Hampton Roads an identical rack
was removed after a year’s exposure and shorily there-
after the remaining specimens were lost in a hurricane.
Information of some value was obtained, however,
and its inclusion here is warranted. The materials
used are listed in table XII. Alloys S and E were
exposed in the form of sheet, cut into tensile bars
having a half-inch reduced section, while alloys H, F,
J, and A were exposed ag standard A. S. T. M. half-inch
round tensile bars.

The samples were prepared by the Dow Chemical Co.
Specimens were given the chrome-pickle treatment pre-
viously described, and were exposed (1) with no addi-
tional coating, (2) coated according to paint schedule A,
and (3) coated according to paint schedule B. Paint
schedule A consisted of one coat of Brooklyn Varnish Co.
P-15 primer, one coat Dux Surfacer No. 2304, and two
coats of Brooklyn Varnish Co. Bakelite Varnish 74 plus
2 pounds of aluminum pigment per gallon. Schedule B
ineluded coats of the aforementioned primer and sur-
facer, each baked one hour at 225° F., and two coats of
Dulux Black Baking Enamel No. 94005, each baked
one hour at 200° F.

Specimens so protected showed no evidence of paint
failure at the expiration of the l-year exposure period
at Hampton Roads and, except for a slight yellowish
discoloration on the aluminum-pigmented finish and a
pronounced dulling of the black enamel, are still in
fairly good condition as they near the end of their
fourth year at Washington.

Figure 13 shows selected portions of the surface of
unpainted samples after 1 year’s exposure at each local-
ity. Representative cross sections picturing the extent
of corrosion on the materials exposed at Hampton
Roads are shown in figures 14 and 15; the results of
the tensile tests and microscopic examination are given
in table XIV.

The results confirm those obtained in the other series
of tests on magnesium-alloy panels, in that the magne-
sium-aluminum alloys, namely, F, E, and A, were defi-
nitely inferior in corrosion resistance to alloys H and J,
which were essentially magnesium-sluminum-zine alloys.
The corrosion resistance decreased as the aluminum eon-
tent of the materials increased. The magnesium-
cadmium-zine alloy S was decidedly the most corrosion-
susceptible of the lot, which indicates that the substi-
tution of cadmium for aluminum is not to be recom-
mended in alloys of this type.

CONCLUSIONS

VWeather-exposure tests of the kind undertaken in
the present investigation require a period of years for
the accumulation of data. Inasmuch as they simulate
actual service conditions more closely than is prac-
ticable by any other means, however, the results of
such tests should be especially useful in the selection

209142—40——28
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of corrosion resistant materials and coatings for use
in aireraft, particularly the ones likely to be used at or
near marine localities. The correlation of results of
the weathering tests with those obtained in laboratory
tests, such as by the salt-spray method used in this
investigation, yields valuable data concerning the
extent to which laboratory corrosion tests are indica-
tive of the probable behavior of materials in service.
From the results of the systematic program of the
present investigation, which embraced tensile, macro-
graphic, and microscopic tests on epproximately 7,000
samples, the following outstanding conclusions may be
drawn regarding the corrosion behavior of light alloy
sheet materials for use i aireruff.

DURABILITY OF YARIOUS ALUMINUM ALLOYS

1. Aluminum-rich alloys containing 1.25 or 3.5 per-
cent magnesium and 0.25 percent chromium were ex-
ceedingly resistant to corrosive attack in saline atmos-
pheres. Where their somewhat lower tensile strength
i8 of relatively minor importance, the use of these
alloys, commercially designated as X528 and XB52S,
can be strongly recommended. No loss in tensile
properties had occurred on these materials at the end
of the maximum exposure periods, and corrosion was
confined to very small isolated pitted areas less than
0.002 inch in depth.

2. The aluminum-rich sheet alloy containing 6 per-
cent magnesium (56S) proved very resistant to attack
for periods approximating three years at the marine
localities. Thereafter, severe intercrystalline attack
developed, accompanied by rapid loss in tensile prop-
erties. Rivets made from this material exhibited very
severe intercrystalline attack after the second year.

3. Aluminum-rich alloys with no copper, but con-
taining small amounts of magpesium and added man-
ganese, silicon, or cadmium (43, 518, XA51S, and
Inalium slloys) were definitely much superior in corro-
sion resistance, under saline conditions, fo materials
that contained copper as a chief alloying constituent.
The 4S and Inalium materials showed an absence of
the intercrystalline attack present in the 51S alloys.

4. The corrosion resistance of the aluminum-mag-
nesium-silicon alloy (51SY) when aged at room fem-
perature was somewhat better than it was when aged at
elevated temperature (51ST or XAS51ST); whereas
XA51ST, in turn, proved better than 51ST. Addi-
tional protective coatings are advisable, however, if
these alloys are to be exposed to severe conditions.

5. The high-strength copper-bearing alloys of the
duralumin type (Nieralumin, Aersl, 17ST, 17SRT,
24ST, and 24SRT) were shown to be appreciably in-
ferior in corrosion resistance to the non-copper-contain-
ing materials. Even though these alloys are properly
heat treated, the application of additional surface pro-
tective coatings is strongly recommended. For all prac-
tical purposes, the corrosion behavior of these materials
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FIGURE 14,—Representative cross sections showing corrotion on Dowmetal sheet materials given the chrome-pickle surface treatment.
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may be regarded as similar. Under inland conditions of
exposure, no appreciable loss in tensile properties
occurred in 5 years and pitting attack penetfrated less
than 0.005 inch.

6. The Aeral and Inalium alloys, containing 2 percent
of cadmium, appeared relatively unsatisfactory from
considerations of surface finish. Approximately 5 per-
cent of the samples contained internal flaws, which in
some instances markedly lowered the tensile properties.

7. Alloy 258W was the most susceptible to corrosion
of the commercially available sheet materials investi-
gated. Its behavior was quite similar to that of dura-
lumin (17S) improperly heat treated by quenching in
boiling water. . ) N

8. In general, corrosion at the cut edges, on the
various materials exposed as tensile bars, was similar in
depth and extent to that present on the sides of the
sheet and the tensile properties were not lowered ap-
preciably. The copper-bearing alloys (17ST, 17SRT,
and 24SRT) were characterized by the presence of rela-
tively thin longitudinal layers more prone to attack than
adjacent metal. Along these layers, corrosion pene-
trated very much more rapidly and deeply than on the
sides. This preferential attack occurred only under
saline exposures and caused an appreciable lowering of
the tensile properties. It was notnoted with the Alclad
materials. _ _ _

9. Aluminum-coated (Alclad) produects, containing
high-strength cores of 17S or 248 alloys, proved excep-
tionally resistant to attack. No consistent loss in ten-
sile properties was found at the end of the tests at any
of the locations and corrosion had not penetrated the
alloying zone.

HEAT TREATMENT OF ALUMINUM ALLOYS

1. The recommended heat-treatment procedure for
sheet duralumin (178 alloy) entails solution-heat-treat-
ment from 15 to 30 minutes at 505° C., followed by
quenching quickly in cold water and aging at room
temperature. Minor delays in the quenching opera-

tion, for intervals of from 5 to 30 seconds between the

withdrawal of specimens from the furnace and their
immersion in the quenchant, resulted in no appreciable
differences in corrosion behavior, and neither did vari-
ations in the solution-heat-treatment temperature,
between 475° and 545° C._ Samples treated at the
lower temperature, however, possessed somewhat lower
initial properties. It is therefore advisable to follow
strictly the recommended procedure in heat treat-
ment. )

2. Baking of properly quenched-and-aged duralumin
at temperatures in excess of 100° C. rendered the
material exceptionelly susceptible to intercrystalline
attack,

FJOINING OF ALUMINUM ALLOYS

Spot welding appears te offer considerable promise
as a method of joining Alclad, X528, and 4S8 materials.
The strengths of such joints were consistently much
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higher than those formed with similarly spaced alumi-
num-alloy rivets; but the range in breaking loads was
appreciably greater, indicating a need for more precise
control of welding operations. Although localized
corrosive attack occurred on the welds, penetration
was ingufficient to result in pronounced lowering of the
breaking loads at the end of the exposure tests.
. SURFACE TREATMENT OF ALUMINUM ALLOYS

1. Surface oxide coatings, when used alone, proved
inadequate to protect duralumin over prolonged
exposure to saline conditions. Coatings formed by
various immersion methods, such as the MecCulloel,
Deoxidine, Jirotks, and Alcoa Dip processes, were
decidedly inferior from protfective considerations to
coatings formed. by anodic trestment in chromic-acid .
or sulphuric-acid electrolytes.

2. Although unsealed anodic coatings applied by the
Bengough or by the 10-percent chromic-acid processes
afforded somewhat better protection than the Alecoa
electrolytic No. 1 process, these coatings may, for all
practical purposes, be considered essentially similar in
behavior. )

3. Anodized coatings sealed with chromic-uacid elee-
trolytes or with cliromates rendered properly heat-
treated duralumin very resistant to corrosive attack
under severe saline conditions.

4, Good grades of aluminum-pigmented spar varnish
coatings, applied to duralumin surfaces given no previ-
ous oxide treatment, afforded better protection than
unpainted and unsealed oxide surface coatings.

5. Similar paints, applied to surfuces oxidized by im-
mersion methods, afforded good protection for 5 years
at Washington but failed during the second year at the
marine lecalities. When the paints were applied to
anodically treated surfaces, no loss in tensile properties
occurred at the marine localities until after the third year.

6. Optimum protection of duralumin may be ex-
pected when good grades of aluminum-pigmented ma-
rine gpar varnishes are applied to anodically treated
surfaces that have been sealed with chromium trioxide
or chromates.

7. The tests indicated that increased protection with
the paint coatings was due to the aluminum pigment.
The results obtained with pigments consisting of zinc¢
dust, zine oxide, zinc chromate, iron oxide, titanium
oxide, or mixtures thereof were very much inferior,
The results with unpigmented varnishes were, in gen-
eral, unsatisfactory.

8. Zinc chromate-zinc oxide primers, generally highly
regarded because of the inhibitive effect of the chro-
mate ions, afforded no better protection on anodized
material than aluminum-pigmented primers and, owing
ta their lower flexibility, may be disadvantageous on
flexed or vibrated aircraft parts. )

9. Aluminum-pigmented varnishes, irrespective of
whether the vehicle was of the long oil, glyceryl phthal-
ate, vinyl resin, or phenol formaldehyde type, all
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afforded adequate protection when applied to anodized
surfaces. The occasional variations in quality be-
tween different lots of any one of these varnishes are
greater than can be attributed to the different vehicles.
It is therefore desirable to develop specifications that
will assure the required properties.

DURABILITY OF YARIOUS MAGNESIUM ALLOYS

1. Magnesium-alloy sheets containing 1 percent of
zine and 3 percent of cadmium proved very susceptible
to atfack,

2. Magnesium alloys of essentially the binary type,
containing from 4 to 10 percent of aluminum (Dow-
metals F, E, A, and G, AM7.4 and AM240) were in-
creasingly susceptible to corrosive attack in the order
of their higher aluminum contents. Binary alloys con-
taining more than 7 percent of aluminum are not
suited for exposed structures under severe seline con-~
ditions, even though protected by surface freatment
and painting.

3. The addition of zinc to magnesium-aluminum
alloys tends to render them definitely more resistant
to attack. Cast alloys containing approximately 3
percent of zinc and 6.5 percent of aluminum (Dow-
metal H), if given adequate protection, should prove
satisfactory for use in nonsaline atmospheres. Some-
what less resistant were alloys AZM and Dowmetal J,
which contained appromnately 6 to 7 percent of
alummum and 1 percent of zine.

4. Magnesium alloys containing additions of tin,
such as AMY764, AM61S, and XAM65S, and especially
the last two, exhibited better corrosion resistance than
the binary magnesium-aluminum alloys. These alloys
and the magnesium-manganese alloy AMS3S, proved
definitely superior to the others in the weathering tests.

SURFACE TREATMENT OF MAGNESIUM ALLOYS

1. Surface treatment by the phosphoric-acid process
yielded somewhat better adherence of paint on the
magnesium alloys than did the chrome-pickle process
but, for all practical purposes, either method is suitable.

2. Aluminum-pigmented peaint, used in conjunetion
with the foregoing surface treatments, adequately pro-
tected the more corrosion-resistant magnesium alloys
for a period of 5 years at Coco Solo. These alloys, so
protected, may therefore be expected to prove satisfac-
tory for use in saline atmospheres provided that they
are not subjected to frequent thorough wettings.

NaTtioNaL BUREATU OF STANDARDS,
Wasmineton, D. C., December 2, 1938.
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TABLE IL—CHEMICAL COMPOSITION OF ALUMINUM-
ALLOY SHEET MATERIALS

Designation of Ohemﬁal composition (percent)
materfal ¢ Al¥ | Cu [ Mg [Mn | ¥e | 8] | Cr | Ouher elements
X625-1/29 . .. 97.98| 0.02| 1.24| 0.00| 0.37( 0.20] 0. 19
XBBZS-GOpementred_ 95.70| .02| 8.57| 0.00f .23] .14 .25
Alelad 178T e ___. 93, 75| 4.10| .89 .88 .48 1] I—
a3 417 LE9| .&7] .14{ .00)____
417 L5 .57 .14 .09[-—-—
LI0[ .80) Lo4| .43 .22
.05( 6.01f 0.00| .13] .08(-—_-
ey WSOl .25 .45|.___. Cd 2.0.
o3| .e1| .o1| .38| 2.col-— -
.08 .e1l .or| .as| Lool-
.05 .51 .01) .52) LOS
450 .48] (19 .42 .30| .20] Ni 1.01; Mo 0.17;
Zn 0.18; W 0.08.
38.76¢ .80| .25 . )] E— Cd 2.0
3.04] .58] .57| .47] .44|.....
4,20 .58| .682| .40 (47|
8.76| .55 .53] .48 .8I|--——
4,17 .53f .&3| .16 .11} . __
4,171 1.59; .57 14| .09)_____
4.20{. | .68] .45 .00]--.--
. .08] 1.O5| L.11| .41 .14f ____
Xs6S rivets. ... _.___| 93.72( 0.00l 8.12/ o-o0i .21| [oslTC

« Analyses by the co egemting manofactarer, the Aluminum Co. of Amerfea
nnless otherwise indi The letter symbols Indicate: 8, sheet; W, heated and
quenched; T, heated, quenched, and aged; R, heated, quenched, aged, and cold-
rolled; H, hard worked.

¥ By difference.

. Analﬁ[:lof the core. Materls] eoated with 29.73 peroent aluminum,

1 migs composltlon furnished by manufacturer, the Soclété des Bre\ets Berth-

elemy de Mont

« Analyzed at {Iat(onal Buresan of Standards. Afaterisl was also used In previous
series of exposure tests.

f Mate subsequently heat treated at the Natfonal Burean of Standards and
used for the application of protective surface coatings, cte.
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"TABLE II.—PHYSICAL PROPERTIES AND DEPTH OF PENETRATION OF CORROSIVE ATTACK ON UNCOATED
ALUMINUM-ALLOY SHEET MATERIALS BEFORE AND AFTER THEIR MAXIMUM PERIOD OF EXPOSURE
AT EACH LOCALITY

Tenstle propertles
- - - ~ - Maximum depth of nenetratlon »
Ultimate tensile strength % - Elongation in 2 inches
Materlal - g
Uncar- | Wash- | Coco Eg;:gp— Salt | Tneor- | Wash- | Coco E:Omnp- Balt | Wash- | Coco mmwnp- Salt
roded » | ington ¢ | Bolo¢ | pogqq 4| SPIBY * roded * | ington < { Bolo ¢ | g 54, 4 | SPrAY ¢ ington ¢ | Bolo ¢ | poady 4 | SDFEY*
Thou- | Thou- | Thou~ Thou-
sandths |sandtha] sendihe | sandihs
Lb.ég'q. in. Lb.‘z’q. in. Lbﬁq. in. Lb.ﬁq in.| Lbisq. in.| Percent | Percent |Percent | Percerd |Percent inch inck fnch inch

XE28-1/2H .. e e — 100 000 000 200 6, 8.1 .8 8.5 8.2 8.3 3 1 2 2
XB 48, 500 47,850 47, 200 48, 200 48,100 7.5 8.5 8.0 69 7.5 2 2 - 8 2
58, 300 50, 000 59, 000 58, 300 20.3 20.0 20.0 10.5 18.9 2 3 3 3
66, 000 85, 100 64, 600 a4, 750 . 1a.6 16.3 19.3 17.8 16.2 ] ] 3 3
68, 200 66, 200 a5, 850 45, 600 4.5 15.5 14.3 18.5 13.0 8 3 3 3
34,000 34,450 38, 560 38, 200 5.6 5.6 8.0 8.0 4.0 2 2 4 2
53, 500 44, 650 54, 900 44,150 12.0 12.3 8.6 1L4 a0 4 1% 4 T
81,800 32, 600 81,300 82,500 | | 5.4 6.5 7.0 5.5 5.3 4 1 [ 3
42, 300 41, 600 41,900 41,800 | . 186 16.6 16.0 15.2 11,1 3 4 7 14
40, 500 41, 700 40, 300 89,000 21.9 2.5 25.0 18. & 12.0 4 4 9 7
48,100 45, 850 45,850 1 45,850 13.6 11.3 12.5 8.2 6.8 10 8 ] 7
49,100 48,700 45, 500 45, 300 12,6 8.2 75 4.3 3.2 -] 9 10 10
45,700 45, 350 43, 900 44, 500 8.4 8.3 80 5.8 50 8 7 7 8
58, 000 , 500 54, 500 34, 400 21.4 22,0 22.0 16.2 4.1 4 ] 7 20
57, 900 58,200 55, 780 38, 600 22.0 22,0 19.5 14,5 4.8 4 5 8 g&

64, 400 66, 100 63, 300 38, 600 20.5 19.5 19.3 14,8 3.0 4 ] ?
84, 000 750 62, 600 38, 400 18.3 15.8 16.3 13.1 2.0 [ 7 8 27
70, 000 68 400 67, 500 47,200 16. 4 14.0 12,0 9.1 LS [ T 7 23
53, 200 52, 050 40, 000 28, 700 18.7 14,2 12.0 3.0 10 5 10 18 3l

s Measured from the earthward surface of weather-exposu.re qpecimens, on “hich the depth was usuall) greater Lhan on the skywa:d surlnce
b Average of 6 initlal specimens, and 10 from sealed contalners.

e Exposed 5 yea:s.

4 Exposed

¢« The Alclad 528 48, Inalium, and 563 materlals were exposed 18 months In the salt spray. All of the other alloys were exposed 6 months.

TABLE IIIL.—PERCENTAGE LOSS IN TENSILE PROPERTIES AND PERCENTAGE PENETRATION OF CORROSIVE
ATTACK ON UNCOATED ALUMINUM-ALLOY SHEET MATERIALS EXPOSED AS INDICATED

Percentage loss in tensile properties
Percentage of thickness penctrated o
Tltimate tensile strength ‘Percentage loss In elongation
Mater{al
Gneor- | Wash- | Coco Ea;:!alp- Salt Uncor- | Wash- { Cooo Eat‘;-ip- Salt | Wash- | Coca Hmp- Salt
roded ¥ | Ington ¢« | Solo ¢ Roads ¢ | SPTeY * roded * | Ington ¢ | Solo ¢ Roads ¢ |SPray ¢ {ngton ¢ | 8olo ¢ Roads 4 | STFes ¢
Lb.jag. in. Percent
Xso8-12H e —— 24,100 ¢ 0 0 Q 8.1 '] [V} 0 0 9 3 /] ¢
48, 1] 0 a ¢ 7.6 0 0 ] 0 [ 1] 9 a
&8, 300 0 0 o 0 20.3 1} 0 0 3 [ 9 9 9
. 04,000 )] [)] [} 0 19.6 0 0 a 12 a 9 9 9
65, 400 0 Q 1] 0 145 0 0 4 T 9 9 9 9
83, 00 Q 0 0 2 5.6 a 0 g 20 ] [ 13 3
5§68-1/2H. 54, 900 2 19 1} 19 12.0 1] 54 & i} 12 R 12 2
Inatium CR. oo cceameamm 41, 400 1} [} 0 [t} 5.4 [ 1] 0 1] 12 1R 19 25
Inalfum HT.. 41,400 0 0 Q a 16.8 0 5 0 17 9 12 22 44
k , 700 Q 0 0 ] 249 13 10 23 49 12 12 b3 22
47,100 ¢ 1 1 1 13.6 18 18 38 44 a1 25 28 22
44, 300 1 1 7 8 12.6 34 48 as T4 19 28 a1 3l
45, 800 [14 1] 3 3 8. £ 0 15 33 40 19 2 8 25
56, 800 ¢ £ 2 49 21. 4 0 0 b3 a1 12 16 2% 62
87,850 0 0 2 33 22.Q 0 10 28 b 12 16 25 75
04,100 0 1] 0 3¢ 2.5 8 7 2 85 12 19 2 B?
64,000 1] 1 1 38 10.3 0 7 20 88 16 A 25 8¢
70,100 0 2 3 30 15.4 2 18 37 20 1% an 22 (]
b4, 8 5 30 48 18.7. 24 &0 84 95 16 3t 47 rd
s

« Computed on the basis of the thickness ot half a sheet, namely, 0 032 inch.
b Average values of 8 Initial specimens, and 10 from sealed containers.

< Ex] -
« The A.lclad, sas 48, Tnalium, and 508 materials were exposed 18 months in the salt spray. All of the other alloys were exposed 6 months,
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TABLE IV.—DIFFERENCES IN TENSILE PROPERTIES
ON ALUMINUM-ALLOY SHEET MATERIALS EX-
POSED TO THE 20 PERCENT SALT-SPRAY TEST
AS STRIPS (TENSILE BARS MACHINED AFTER
CORROSION) AND AS TENSILE BARS

Tltimate tensila
. strength Elongation in 2 inches
erial xposure
! d Tensil Tensile
ensile
Strip bar Strip bar
Months | Lb.[s ﬁg in. | Lb.feg.ir. | Percent Pereent
b V£ L, — b1 61, 800 20.0 19.0
1% 62 500 62, 200 17.5 16.0
1 83, 500 60, 900 16.6 145
2 59, 600 53, 200 10. 5 6.6
4 49, 300 48,700 8.0 5.0
[ 40, 200 37,100 3.0 3.0
i) 2 | ;2 62, 200 64,300 18.6 18.0
61,200 63, 400 15.0 15.0
1 81, 200 57,800 12.0 7.5
2 53, 100 51, 600 iy 4.0
4 48, 300 46, 600 25 8.5
3 40, 600 36,200 20 2.0
2HSRT. .o — 1 67, 800 68, 800 16.0 165
21 67, 200 67, 500 12.0 13.0
1 66, 000 68, 600 8.0 10.0
2 &4, 0600 60, 300 7.5 4.0
4 80, 900 52, 500 4.0 2.0
[.] 48, 800 45, 600 1.8 1.5
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TABLE V.—BREAKING LOADS OF SPOT-WELDED AND
RIVETED SAMPLES BEFORE AND AFTER WEATHER-
EXPOSURE TESTS.

THE PANELS WERE 1 INCH

WIDE. (Cf. fig. ic}
Breaking Ioad
Tneorroded
Materlal Jolned by— THashe| coco | Bam-
ton s%m Roads
Max- | Aver- [3int-| 5 | 8| T4
mum | ages | mum |years®|¥' years®
Lb, Ib. Lb. Lb. Lb, Ih.
Alelad 24SRT...| Spot-weldss_____.__ 2,550 | 2,100 | 1,800 | 2,270 | 2,040 2,180
A].C]Bd 178T .| Spot-weldse. ... 2,490 | 2,090 | 1,850 | 1,970 | 2,010 1,880
S-ME_ .. Bpot-welds?_______ 2,110 | 1,690 | 1,900 | 2,000 | 2.020 2,000
...... Spot-weldse_..__._| L, 1,570 | 1,800 | 1,590 | I,5i0 1,570
Aleled 1787T..... - 175 rivetse_ _____ 1,160 | 1,076 | 1,040 | 1,150 | 1,200 1,150
Alelad 178T ... H rivetse. 1010 85 960 825 600 T
528-34H ___._. 43‘} rivetse__._ 585 540 510 570 550 578

= A verage of 18 specimens tested Initially or after being kept In sealed containers.
¥ A verage of 8 specimens
« The majority of spec[mens broke longitudinally, through the welds or rivets.
4 The_majority of apeaimens broke In areas mmediately adjacent to the welds.

TABLE VI—PERCENTAGE L.0SS IN TENSILE PROPERTIES AND PERCENTAGE PENETRATION OF CORROSIVE
ATTACK ON UNCOATED 178 MATERIALS, HEAT TREATED AS INDICATED

Percentage loss in tensila propertles Percentage of thickness
penetrated «
Aged at
Solution room | “Bak- Ultimate tensile strength Elengation in 2 inches
hen;«-tr?’%ted Quenchant teax?per- X ing*
or ure | femper- Washing-{Hampton| Balt
minutes before | ature Washing- H::np— Salt | mnaoy. |Washing H&p— Salt ton Roeds | spray
test gggr; ton R }s‘pmy roded s | ton spray | 5years | 4 years | }§ year
Byears | 4 years year 5 years | years 14 year
Pereent
0 1] 41 2.0 ¢ 29 85 16 22 75
0 0 a1 2L0 i} 2 71 12 19 69
2 2 47 2.6 9 .1} 01 12 22 i]
1] 0 43 18.0 a 2¢ 80 12 31 75
0 2 36 18.8 11 17 73 16 25 72
)] 2 52 20.3 T a7 90 12 2 4]
¢ 4 41 20.3 4 26 83 31 19 69
8 100 1 20.5 48 100 100 44 100 100
8 58 63 2.2 49 g6 96 25 100 87

« Computed on the bagis of the thickmess of half a sheet, namely, 0.032 inch.
& Avemﬁ e value of § Initial, end 10 sealed-contufner speeimecns
uench delayed § seconds after removal from furnacs.
uench del 30 seconds after removal from furnace.
. Prior to ba . Aged 8 months after baking.
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TABLE VII.—EFFECT OF WEATHERING ON THE ELON-
GATION OF 178 ALLOY GIVEN .VARIOUS. SUR-
FACE OXIDE TREATMENTS. SPECIMENS WERE
QUENCHED IN BOILING WATER, UNLESS OTHER-
WISE INDICATED. . . .

Exposure time and elongation in 2 inches «
Burface oxide treatment
Washington |Hampton Roadsl Halt spray
Months |Percent Montﬁ: Percent Months | Percent
None [ 14.0 8.0 ] 10.0
60 10.5 48 3.0 g Q.g
None ¥_. 6 20.8 ] 18.0 1 18.0
a0 19.5 48 145 2 17.5
[] 3.0
Deoxidlne. oo [} 45 3 10.§ 1 8.8
Jirotka. 1] 14, 6. 3 10.5 1 7.8
McGulloch. - [:] 13.5 3 10.5 1 9.0
(1] 20.0 48 17.§ 2 18.0
] 14.0 3 15.5 1 18.0
8 17.5 3 12.§
60 2.0 43 18.0 2 13.0
BT 10T W ——— — 6 17.5 3 17.0 1 18.5
Bengough &_______._____. - 60 20.5 43 18.0 2 13.0
10 percent Chromie acld......-. [:] 17.5 3 17.0 1 19.0
10 percent Ohromic acld &...... 60! 20.5 48 19.0 2| 150
Alcoa Electrolytlo No. "2
(zealed [i1] 20.0 48 19.5 18 20.0
18 20.0 3 19.0 g 2.5
18 20.0 3 18.0 '] 18. 8
80 2.5 43 17.8 18 18.8
60| 200 481 20.5 8 20.0
60 20.0. 48 20.0 18| 108
60| 20.0
60 20.0 24 X

a Valnes on ancorroded specimens ranged between 19.0 and 22.0, end averagsd 20.5

guenched in jee water after solution heat treatment.

oatings on Alclad 178T material.

tn:a tOoattnss on Alclad 178 material quenched 1o boling water after solution beat
ment,

TABLE IX.—THE PAINT SCHEDULES USED AND THE
SPECIFICATIONS TO WHICH THE PRODUCTS CON-
FORMED

Vehlicle Pigment
Num-
Bohed- 36; of
ule | goata Navy Na
Type and trade name | specifi- Type specifi-
cation . cation
1 3 Gllg S_I_Jtha]ate, V11 | None oeeoooaonaeeeo- -
3 | Phenol formnldehyde, V10 | None. omucmeamccmmcamee
Thresher No. 440.
3 1 | Phenol formaldehyde, V10 | Nope. Covered with
Thresher No. 440. aluminum foil before
4| 3| Glyceryl_ phthelat Vi1 | standera, tvpe er' 5241
Cery. ate, ar 1 yDe
Ig 8— alumin: gowder e
& 8 Vln.yl resln V!.nyllte _______ —-| Fine, Type 5241
N.? num powder L
6 8 | Phenol formeldehyde, V10 | Fine, Type B, elumi- 52A1
Thresher No. 440. num powder.
71 1,2 | Primerasin 8, “Finish |.ooemees Prlmer as in 8, Flnish .........
coats as In coatsasin 1
8 3 Phenoltormaldehyde° V10 | 85 percent r.lnc ehro- .
mete, 15 pereent XX
Process zing oxide.
'] 8| Bameas 8¢ ... V10 | 85 yercont tine dust, 52Z3
15 percent XX Proo-
asd zine oxide. .
10 1 allon varaolsh. P23 | 33 percent zinc chro- P23
s.del hiz Navy mate, 67 percent iron
d oxide oxide.
Prlmer No. 64. ) i
2 | Navy grey enamel, | M-67-B | 48 percent titanium di- | M—67-B
Dupont, Finish oxide, 48 percent vine
coats obfldi,zpereenﬂnmp-
11 3 | Long oll, ester gum, $2V1s | Btandard, t A, alu- 52A1
Pratt & Lambert minum pigment,a
No. 10/ .
s T'wo pounds of pigment per gallon of vehicle.
® The vehicle coni reent 34 see. R. 8. Nitroeella-

ed (parts by “eight) 600,
lose in solvent 8-7; 1889, & cent Vinylite N in toluol; 20, dibutyl phthalate;
%I ecetate; 500, solvent 8-7. Solvent S—7 contalned (pnrts by volume): 60, tofuol
10, utanol; 10, ethy] acetats; 10, eellosolve, 10, cellosolve acetate.
 The varnish contained 100 pounds phenol formaldehyde X R-821 regin, 50 gellona
tung oll, 6 4 Fsound.s lead resinate, 1.78 pounds cobalt resinate, 48.5 gallons minerel
spirlts, 5 gal.lons xylol. The ;\roduot oontained approximately 55 percent
veh[cle a.nd 45 percent P ent.
d §ame varnish ag In (), but the final product contalned approximately 27.6 percent
vehlcle and 72.5 percent pigment
«The varnish contained apgaroximateiy seegez:cent plgment.
fA, 66-gallon varnish with tung and lin ils, the former predominating. The
resin was 8 mixture of rosin ester and rosin. It contained a nonvolatfle of approxi-
mately 82 percent and passed a kaurl reduction of approximately 70 percent.
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TABLE VIIL—EFFECT OF WEATHERING ON THE
ELONGATION AND MAXIMUM DEPTH OF PENL-
TRATION OF CORROSIVE ATTACK ON 178 MATE-
RIAL. GIVEN VARIOUS SURFACE OXIDE TREAT-
MENTS AND PAINTED WITH THREE COATS OF
ALUMINUM. PIGMENTED VARNISH *

Percentage elongation In | Percenfaga maximum
. 2 Inches » depth of penetration
Oxide surface treatment
| S e o i e S

ington| 417 | 00| 7527 Ington] 540 | 0%, fepraY
6 years years4years] vearald ¥e8I8! voprel( voaral years
Deoxidine 16.8113.01 160 52 2 2 3 62
2104120 160 7.9 2 3 3 47
19.8 | 16.0 | 17.5 | 141 2 3 3 82
20.2 [ 20.6| 19.5]| 185 2 3 2 2
18.0 | 13.0 | 18.5 | 18.8 2 2 2 2
21.0 | 16.5 | 150 2 2 H x
20.8 | 20.6 | 20.5| 20.0 2 2 2 9
Bengough oo —} 20.0]20.0| 20.2}17.7 2 12 2 2
Bengough e .. 20,21 20,5 19.2120.6 2 3 3 9
10 percent chromicacid.._.| 10.0 1 20.5 | 17.5 | 20.4 2 2 3 3
A.lcoa. Electrolytio No. 2¢..| 20.5 [ 20.5| 21.5( 18.2 2 2 ] 2
Bengongh (sealed)...—-..- 18.2110.6 | 166180 2 2 ] H

10 percent chromic acld
(sealed), o ocommoae. —| 21.0]20.G| 20.0 ] 18§ 2 2 3 3
AlecoaDIp ¢ . ... 20.2 1 10.6| 19.5119.8 2 2 3 3
Alcoa Electrolytic No. 14| 10.65 | 20.0 | 10.5 | 17.6 2 2 2 1
Aleoa Electmlyﬁc No.2¢__| 19.0 ] 10.0| 39.5 ) 18.4 2 2 ] 2
B ugh d_ 20.2 | 2.0 | 10.5 2 bl ] ]
2.212L0] 20.0 2 2 2 2

« The onl
coated specimens exposed 14 f
and 50,500 pounds per nch, respectively.
ues on uncorrod specl.mens ranged between 10.0 and 22,0, and sveraged 20.5

t
uenched in ice water after solutlon heat treatment.
oatings an Alclad 1787 material.
tr . (t)onf.l.ggs on Alelad 178 ma.terln.l, quenched in bolling water after solution hea.t
eatment._

marked losses in tensile strength occurred on Jiretka and MeCulloch
ears to the salt spray. The values dropped to 37,206

TABLE X.—EFFECT OF WEATHERING ON THE ELON-
GATION VALUES OF 178 MATERIAL, QUENCHED
IN BOILING WATER, ON WHICH VARIOUS VAR-
NISHES WERE APPLIED TO UNTREATED AND AN-
ODICALLY TREATED SURFACES

Percentage elongation {n 2 inches *

Salt spray
Washing-{ Coco |Hampton
ton 5 Solo & Roads 4 L
years ears years
Coating Palnt schedule ¥ year ,}'ea”rs
| g 2 : : % 8
] £ o
81418 g B35
1o —.| Clear Dulux RC-147____._ 14.2[ 10.8| L.5| 8.5 3.3| 165/ 1.0] 18.5
b XN Clear ‘Thresher Bakelite |-__._[ 2L. 8[| 17. 8] 18.8}....-} 20.3
< LT Clea.r'I‘hmherBakeliteNo. ceeee| 20.8]____} 20.5|-.—; 18.0]____| 20.3
440 withuluminum foil.
[ S— Du]anC—leﬁ eluminum | 18.9] 17. 5 17.58; 20.6| 12.0[ 10. 1] 9.8 17.7
;S Vﬁnlite N. sluminum | 18.0{ 18.0] 12.0{ 16.0| 0.5 17.1| 4.0f 145
| S TE:esherB&ke{liteIw 440, | 14.2] 20.0f 12.5| 10.0y 15.5{ 20.0{ 4.0| 17.8
| Bakellte Varn h, alumi- | 20.5( 21.0{ 20.5 20.5) 16.8] 20.0|-ae|.e-..
. num pigment. ‘on zine
chromate primer.
8- .| Bakellte Varnlsh, zinc | 17.8 18.8] 19.5 20.5! 18.5| 10.8 ____j...--
chromateptgmen
) | E Pratt & Lambert No. 10, | 21.0} 20.0{ 20.5f 20.0] 19.8] 20. 4.0} §i%.7
alum.{num plgment,
ns ____1___. do. 20.4{ 20.2| 20. 5| 20.5{ 90.8| 20. 5 20.8} 20.8
! S Bakelite Varn]sb zine | 18.8) 18.56| 9.0} 20.5] 4.8| 17.58} T.0| 10.4
dust lgment.
0.l enamel onred | 11.2| 16.1| 13. 5} 17. 5| 11. 8| 15.8] 10.8f 17.9
. ox de primer,
106 .. [N T T — —} 0.5 20.5| 18.8] 20.0| 17.0| 18.8] 14.5; 18.1

« VnIues of initial or unocorroded apecimeuns ranged (ram 18.0 to 22.0, and averaged
.{ ppl od ‘to materlal quenched in Ice water after soluifon heat treatment.
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TABLE XIL—APPROXIMATE MONTH OF THE EXPO-
SURE PERIOD AT WHICH VISIBLE EVIDENCE OF
PAINT FAILURES OCCURRED ON 178 MATERIAL,
QUENCHED IN BOILIRG WATER

Month fallure was noted
Washing- . Hapmpton Salt
ton Coco Bolo Roeds SpIey
Coating Paint schedule
EHEHHEHE
ElElE|E1813 80
al318|3{8|5|8]4
) S— ___i Clear Dulux RC-147_ .. 68| 18 8| 24 8 1 4
gs________| Clear Thresher Bakellte
No.40 e [ E—— 24 a8 18
;L — Clesr Thresher Bakelite No. {...—| ¥18 13 3 LB
440 with aluminpm foll.
[ Dulux RC-165, aluminum
ggment. 48| 60| «24! 48] 12| 36 4] 18
Bovee| VI l.lEaN,alumiu.umpig— c48} () | €48 48| ¢ 48 2 8
ment,
6. _.._.__.} Thresher Bakelite No. 440, 601 (9 80| 48 36| 48 2 18
aluminum pigment.
R Bakelite V h, slumi- | ¢8| 60| ¢18| 48] 12| 80|-.—-- O
rum pigment on zine
chromate primer.
8. .| Bakelite Varnish, zinc [ <36{ (9 [ «30| 60; «24 PR PO
chromate pigment.
9......—.| Bakelite Vernish, zine 8| ¢ 8| 38 8| 3 1 18
dust pigment.
100 caceee Navdgmyena.melonred c3| r13| «3) r12] 3| F12 12r 18
e DI .
11._..—...|{ Pratt & Lambert No. 10, | (9 | (¢} 48] 48| 38| 48 4 18
sluminum pigment.

« Applied only to material quenched In ico water after solution heet treatment.

* Pinholes present on tke aluminum foil.

« Metal exposed to view.

¢ Faflure confined to faint yellow discoloration at end of test perlod.

« Bacame white. No farther eviience of failure occurred untfl after the 36th month.
f Chalked, cracked, and alligatored.

TABLE XIL—THE MAGNESIUM ALLOYS AND THEIR
CHEMICAL COMPOSITIONS

TABLE XIIL—APPROXIMATE NUMBER AND AREAS
OF CORROSION OR BLISTERING RESULTING FROM
EXPOSURE ON MAGNESIUM ALLOYS GIVEN THE
SURFACE TREATMENTS INDICATED AND PAINTED
WITHE FOUR COATS OF ALUMINUM PIGMENTED
VARNISH

Exposed §
Exposed 5 years at Coco Solo years at
Washington
Material Surface treatment | Corroded Blisters on Blisters on
greas b palnt peint
Num-{ Total |Num-| Total Numj Total
ber | area | ber | area | ber | area
8q. in. Sq. in. 8g. 1n.
AM3S, rolled..._. Phosphorleacid __ 0 1] 8 0.068 1 .03
Chrome-pickle. .. ¢ 0.08 8] «2.6 0 0
X AMS85S, forged-.| Phosphorie acld._ 1 .01 ] 0 Q 1]
Chrome-pickle_..| 13 AT 4] 0 [\ 0
AM7684, castoae-- Phosphotie acid.. 4 .03 22 L3 ¢ Q
Chrome-plckle.__ 9 .10 30 .69 1] M)
AMGB618, rolled . ...; Phosphorie acld.. 8 .03 0 1] 0 1]
Chrome-pickle...| 12 .58 5 .46 1 0
AMGB18, forged....| Phosphorie acld.. & .01 3 .08 1 .01
Chrome-plckle...[ 10 .21 28 191 4 .
AMT.A, cast_......| Phosphoric acid. .| 9 .20 95 .08 0
Ohrome-plckle...] 26 1.34 | 494 1.57 -] .22
AZM, hot pressed.| Phospharic eeld.. 3 .02 ¢ 0 0
Chrome-pickle...| 66 .85 | 393 3.0 51 .26
AM240, cast. ... Phosphoricacid.| 10| 159 42 .39 [+]
Chrome-pickle...| 48] 18.8 |¢ 300 15 4 .33

« No corroded areas were vistble on material exposed at Washington, D. C., the .

paint belng intact on all samples.
85. The elglrg surface area of each panel exposed to the weather was approximately
ugere {nches.
« One blister had an area of 2.5 square inches, but no corrosion was visible beneath it.
¢ Qorrosion product was present In appreciable amounts under these blisters.

TABLE XIV.—TENSILE PROPERTIES AND DEPTH OF
PENETRATION OF CORROSIVE ATTACK ON MAG-
NESIUM ALLOYS EXPOSED 1 YEAR AT HAMPTON
ROADS, VA.

Panel Chemical compaosition, percent «
Materlal Fabrication thick-
nesS |Mgel Al { Zn | Bn | Mn(Ca
" In.
0.28 | 90.71] 9. 16{_____|---—-] 0. 18{___.
.28
2,50
4, (087
2,505
.22
4,505
<, 505
053
AMT784-T6 *......| Cast .29 88
XAMEBSS /... .28 57 .
AMBIS .. BTy X - 6.42| .09
AM3S s, <20 | 98.5 |omecnlammmm o L8 e

Average tensfle propertles = Maxi-
Dowmetal mum
materials Burface flalsh | giymata(Elonga-| yieq |Bedac d;ggégf
tensile | tion fn |, enof | ton of L
strength |2 inches area o
Thou-
sandths
Lb.fsq. in.|Percent L"’ﬁf iR.| Percent| Inck
E, Sheet_ . _..... 800 13.0 300 18.6 [1]
39, 600 3.0 83,200 5.8 10
8, Sheet__.__...| Paint, 33,000 | 15.0| 25100 17.9 0
30, 700 1.0 23, 600 183.1 [}
A, Cast 26, 600 6.0 11, 600 86 (1]
26, 200 6.0 11, 500 0.4 12
H, Casf..... | Paini. 28,000 55| 13,100 8.3 0
27, 200 5.0 12, 500 8.2 3
F, Extruded ...| P 40, 700 17.6 30,100 86.9 1]
40, 600 14.0 30, 200 140 12
I, Extruded....| Falnt 48, 200 17.0 32,700 20.8 ]
Chrome-pickle..| 45,800 1506 82, Tl 17.8 of

« Apalyses by the cooperating manufacturers, the American Magnestnm Corpora-
tion and the Dow Chemical Co. o8

b H difference.

< Allays no longer manufactured.

d Valne of dlameter.

« Now designated AMATS.

f Now designated AM65S.

¢ Nomf{nal composition.

« Values for the painted speclmens are average obtained on 9 samples, 3 of which
were kept in sealed containers 5 etmosphers). Since there was no loss on the
painted specimens, these are tyD: of uncorroded material. Values for the chrome-~
pickled are the aversgs on 3 specimens, all exposed. -

* Stress at which stress-strain eurve showed a departure of 0.2 percent from the
inftial modulus line,

« The attack, which was more or less unjform, resulted in & reduction in thickness
of the sheet of between 0.003 and 0.004 inch. .



